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(54) Automotive air conditioning system 

(57) An air conditioning system for a motor vehicle 
powered by an internal combustion engine (1 ) has a first 
system for canying out a first cycle, which includes a 
compressor (2) driven by the engine (1), a main con- 
denser (3), a first sub-condenser (13) and an evaporator 
(14) which are connected through pipes to form a first 
refrigerant circulation circuit through which a refrigerant 
flows from an outlet of the compressor (3) to an inlet of 
the same while changing its phase, the first cyde caus- 
ing the first sub-condenser (13) as a heater and the 
evaporator (14) as a cooler when operated: The air con- 
ditioning system has further a secdiKi systemib^ carry- 
ing out a second cycle, which indikJes the djiripressor 
(3) and a second sub-condenser (22) which are con- 
nected through pipes to form a second refrigerant circu- 
lation drcuit through which the refrigerant flows from the 
outlet of the compressor (3) to the inlet of the same 
while changing its phase, the second (^de causing the 
second sub-condenser (22) as a he^e/ wfii^^^ 
First (11) and seq^'{Zi) \ 
sages are delined/ThVflrs^ 

core (12y. the first sub-obr^^^ arkl the e^i^^ 

tor (14) installed therein, and the second j^s^g^^^^ 
has the second sub-o^nd^e^^ (22) iriSyikf th^ 
sub-evaporator (8) is arranged in' the pip^ 
from an buttert^of tl^ ah 
inlet of'the comprils^^ drcuit is 

arrahi^edithfeugh wirtef ;of^ t^ 

engine Xi)^is^ed to tci cctfi^put 

heat exchaiige bietweei^^ arid 
the refrtigerE^ 

anrarigfed^d c(^^ under 
operation, the flow of engine cooling water directed to 
the sub-evaporator in accordance with a load of the 



engine. 



FIG.1 




100 



5 




mm 




22 



20 



M 



Prim&d by Xerox (UK) Business Services 
2 .16 50 4 



1 



EP 0 888 912 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates in general to an auto- 
motive air conditioning system of double function type 
which has two function cycles, one being a cooling cyde 
for cooling air by practically using the system as a 
closed refrigeration system and the other being a heat- 
ing cyde for heating air while dehumidifying the same 
by practically using the system as a heat pump system: 
More specifically, the present invention is concerned 
with an automotive dual air corxlitipning system which 
incorporates thereinto the principle of the system of 
double function type. 

2. Description of the Prior Art ' ^ ; . 

Hitherto, various types of air conditioning systems 
have been proposed aind put into practical use. particu- 
larly in the field of motor Vehicle) S are of the above- 
mentioned doutrte function type: 

In long body passenger cars, such as one-box type 
car or the like, there has been widely used a so-called 
dual air conditioning system which comprises a first air 
conditioning unit for conditioning air fed to a relatively 
front portion of a passenger room and a second air con- 
ditioning unit for conditioning air fed to a relatively rear 
portion of the passenger room. 

Nowadays,, for obtaining various advantages 
expected when combined, some of the dual air condi- 
tioning systems employ the principal of the system of 
double function type. That is. for example, the first air 
conditioning unit comprises a first evaporator constrtut- 
ing part of a closed refrigerant circuit of an>ir condition- 
ing system of double function type arid a heater core fed v 
with engine cooling water, arxJ the sek»hd air,43^ 
ing unit conprises a second evaporator connected to 
the closed refrigerant circuit and a condenser con- 
nected in series to the second evaporator to serve as a 
heater. 

However, due to inherent construction, the above- 
mentioned jdlial air a>n(£tionlrig:syE^ func- 
tion type has fiilj^^a^^ : 
In winter that i^^ rri>OTid s^^ 
a soK^lled heafi|pT^ 

ing such' hrating mbde has failed to pr6^ the passen- 
ger room vtHth a s^icientty warmed air pculiculariy for a 
time just after epgirie staiii 
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ture. \ ■ , 

In order to eliminate such drawback, the applicant 
has hitherto proposed a measure of providing the sys- 
tem with an extra evaporator for warming, with usage of 
heat of engine cooling water, the refrigerant just 
returned to a compressor of the closed refrigerant cir- 
cuit. With this, the compressed refrigerant led to the 
condenser can have a higher terriperature thereby to 
promote the heating,hjnctipn of the,. rand jsnser; That is. 
the extra evaporator is disposed in a refrigefarrtflpw line 
exterxJing from the second eyappratpr^Jth 
sor and warmed by the engine- codingnw^ 
therethrough ; That \s, the' extra ev^pc^^ ; 
exchanger by which a heat exchange is carried out 
between the returning refrigerant just directed to the 
compressor and the engine cooling water led from a 
; water jacket of an associated: internal combustion 
engine. This measure is described >invJapanese Patent 
Application 9-90854: 

Rg. 12 is a graph" showing resd^ of two experi- 
ments carried out by the applicant by using above-men- 
tioned measure. The characteris;tic line indicated by 
reference "a" shows a te'npeVaiture of air warmed a 
conventional heater core fed with an engine cooling 
water, while, the characteristic curve indicated by refer- 
ence "b" shows a temperature of air warmed by a heat 
pump system which has the extra evaporator incorpo- 
rated therewith As is seen from this graph, when the 
temperature of engine cooling water is below 70°C. the 
heat ptirhp system surpasses the conventional heater 
core in warming air. Whije, when rte tenr^^ 
engir^ <x>pj 

heater core surpasses the heat pump system. 

The applicant has thereafter proposed other meas- 
ures br inrtproving the air conditioning system equipped 
with frie extra , evaporator, some be^ . provide a 
bypass; drcyit.^ 

flowsjJiYpa^ , 
to xpn^ of ;^ngineJ c^ J 

extra evaporator by using pK^ 

h'ls thf refore.a^ objectlpf ^fte pr^^^ invention to 

iauto^S^f^,;|ur theilow of , 

e|ngjne!v<|^^ is 
contrb^)lfi;ii^^ a Joaiciiji the engine 



of a refnge^^^^^^ 
/ca^Us^^ 



mi-. 




3 



EP0 888 912 A2 



4 



refrigerant circulation circuit through which a refrigerant 
flows from an outlet of the compressor to an inlet of the 
same while changing its phase, the first cycle causing 
the first sub-condenser as a heater and the evaporator 
as a cooler when operated; second means for carrying 5 
out a second cycle, which includes the compressor and 
a second sub-condenser which are connected through 
pipes to form a second refrigerant circulation circuit 
through which the refrigerant flows from the outlet of the 
conpressor to thei inlet of the, same while changing its 10 
phase, the. second cycle causing the second sub- 
denser ; as a heater when operated: switch means for 
switching , the first and second means; a heater core; 
third means for defining first and second independent 
air flow passages, the first passago^having heater core, 15 
the first sub-condenser and the evaporator installed 
therein, the second passage having the second sub- 
condenser installed therein: a sub-evaporator arranged 
in the pipe extending from an outlet of the second sub- 
condenser to an inlet of the compressor; a first cooling 20 
water circuit through which engine cooling :water of the 
engine is fed to the heater core to warm air passing 
through the heater core: a second cooling water circuit 
through which engine cooling water of the engine is fed 
to the sub-evaporator to carry out heat exchange 25 
between the engine cooling water and the refrigerant 
flowing in the pipe: and fourth means for controlling the 
flow of engine cooling water directed to the sub-evapo- 
rator in accordance with a load of the engine when the 
switch means selects the secorxJ means. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects and advantages of the present inven- 
tion will become apparent from the following description 
when taken in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a schematically illustrated automotive dual 
air conditioning system according to the present 
invention: 

Fig. 2 is a schematic view showing a water circuit 
through which engine cooling water flows; 
Fig. 3 is a graph showing a relationship between 
the flow of cooling water in an extra evaporator and - 
' the open degree of a.f low control valve disposed on 
a water flow line of a heater core; 
Fig. 4A Is a chart showing ON/OFF characteristic of 
a conrpressor with respect to a discharge pressure 
of the compressor; 

Rg. 4B is a chart showing OfM/OFF characteristic of 
the oonpresspj^ a temperature of 

refrigeiriarrt ds^i^^^ compressor; 
Rgv 5A;is a i^^^ characteristic of 

an exta^anCKi^ii^^ to the discharge 

pressure of the compressor; 
Rg. 58 is a chart showing ON/OFF characteristic of 
the extra evaporator with respect to a temperature 



of refrigerant discharged from the compressor; 
Fig. 6 is a block diagram of a control system practi- 
cally employable in the dual air conditioning system 
of the invention: 

Rg. 7 is a graph showing, in case of using the con- 
trol system of Fig. 6. a characteristic of a flow con- 
trol valve on the water flow line of the heater core 
with respect to an engine speed; 
Rg. 8 is a chart for explaining; an vsi^^^^ 
obtained from the air corditionihg syster^ : 
control system of Fig 6; ' '^y.^!^^ ^^y' ^ ^ 
Rig- 9 is a block-diagram of aTOthi9r5:OT 
practically erhployable in the dual J^^^^^^^^^^^^ 
system of the invention; 

Rg. 10 is a graph showing, in case of using the con- 
trol system of Fig. 9. a characteristic of a flow con- 
trol valve on the water f tow line of the heater core 
with respect to a temperature of engine cooling 
vwiterf - -*■■■' ^ ^ ■■ ' 

Rg. 11 is a chart for explaining advantages given 
from the air conditioning system using the control 
system of Fig. 9: and 

Rg. 12 is a graph depicting a heating ability of two 
heating systems, one being a conventional heater 
core type wherein air is warmed by a heater core 
which uses an engine cooling water as a heat 
source, the other being a heat pump type wherein 
air is warmed by a condenser installed in a closed 
refrigeration circuit equipped with an extra evapora- 
tor. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Rg. 1 of the drawings, there is, sche- 
35 matically shown an automotive dual air conditioning 
system 100 according to the present invention.i^ will 
become apparent as the description ji;|rdci^s, the sys-: 
tern 100 is of the above-mentioned dpubie^^^^^^ 
The dual air conditioning^ isyist^nn^^ 
40 comprises a first air conditioning unit 10; a second air 
conditioning unit 20 and an interconnecting means 
which operatively connects the first and second units 1 0 
and 20 in such a manner as will be described hereinaf- 
ter. 

45 The first air condittoning unit 1 0 is arranged to con- 
dition air which is fed to a relatively frorit portion a 
passenger room, while the second air oondttidhing unit 
20 is arranged to condition air whicH^is fed to a relative 
rear portion of the passenger room. 

50 The air to be conditioned by these units 10 and 20 
is taken from the outskJe and/or inside of the vehicle 
with an aid of an electric blower installed in an air intake 
portion (not shown) tocated upstream of air flow pas- 
sages 11 arxj 21 of the two units 10 arKi 20. For the 

55 selective intakeiof air from the otitskJe< and inskle, an 
intake door (not shown) is pivotally installed in the air 
intake portion. . 

The first air conditioning unit 10 comprises the air 
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flow passage 1 1 through which air is forced to flow in a 
direction indicated by arrows. An electric fan 15. an 
evaporator 14. a fjrst sub-condenser 13 and a heater 
core 12 are installed in the air flow passage 1 1 in order 
with respect to the flowing direction of air. As will be 5 
described hereinafter, the evaporator 14 and the first 
sub-condenser 13 constitute part of an enclosed refrig- 
eration system, and the heater core 12 is fed through a 
cooling, water circuit "n" with engine cooling water to 
heat or^warnri. air f the air .flow passage w 

1 1. In f^ortt of the first sub-condenser .13; there is pivpt- 
ally.ipst^l.ed a first^^^^^^ door IG^vby-which t^^ inde- 
peride4it:pasf^ are. defined, one being a; passage 
passing through the first sub-condenser 13. and the 
other being a passage bypassing the first sub-con- 15 
denser 13. In front of the heater core 12. there is pivot- 
ally Jnstalled a second air mix door 16b by which two 
independent air passages^are def in one being a pas- 
sage passing through the heater core 12. and the other 
being .a passage bypassing 4he heater core 12. Just 20 
downstrearri of these two passages, there is defined an 
air mix chamber "M" Thus, by changing the angle ofthe 
air mix doorsvlSa arid 16b^^^ mix 
chamber "M" can have a desired temperature. The air 
flow passage 11 has at a downstream portion various 25 
outlet openings (not shown) from which conditioned air 
is blown to the front portion of the passenger room. 

The second air coriditioning unit 20 comprises the 
air flow passage 21 through which air is forced to flow in 
a direction indicated by arrows. An electric fan 23 and a 30 
second sub-condenser 22 are installed in the air flow 
passage 21 in order with respect to the f lowiiig direction 
of air. As will be described hereinafter, the second sub- 
condenser 22 constitutes part of the enclosed refrigera- 
tion system. As will be from the drawing, the second 35 
sub-condenser 22. is arranged in parallel with a series 
arrangement iconsisti r»g of the evaporator 1 4 and the^ 
first subrcpndenser 13. TTie air flow passage 21 has at 
a downstream portion outlet openings (not shown) from 
which air is blown to the rear portion of the passenger 40 
room. 

Designated by numeral 1 is an internal combustion 
engine which ismounted in an engine room of an asso- 
ciated nnotor vehicle. A compressor 2 driven by the 
engine s and a main corxienser 3 are also mounted in 45 
the engine^ippnri.:; ^ vA- . •:s#;iv^ -.fi- ' - -a - - 

Thetendosedvrefrigeration system gener^^ 
prises?;aifin?t sectipn which has: the:compressor 2i*the 
main condenser 3, the first sub-condenser 13 and the 
evaporator 14 which are connected through pipes in an so 
illustrated ft^nher arxl;a second section which has the : 
second :sut>^ndenser 22^^whtch *is:^6ohn^ to the 
first sectors thncHjgiH^p 

A firsl;:elecbr^^ orifice is 

arrangefltv^ll^i^i^ sub- '---55 

cond6ri§yrv^s|E^^ first section:- 

A liquid teirik 24 arKJat^s valve 25 

with an orif ica^e arranged in fjepipeoonnected to an 



outlet of the second-sub condenser 22 of the second 
section. Of course, the enclosed refrigeration system 
has a suitable refrigerant contained therein. The orifice 
of each valve 26 or 25 is, for example, about 1 .45 mm in 
diameter. 

A four-way valve 4 is arranged in the frst section, 
which switches the air conditioning system 100 to a 
cooling cycle or a heating cycle. As shown, the four-way 
valve 4 has an inlet port connected to an outlet port of 
the coinpressor 2 and three outlet ports respectively 
connected to an inlet port of the main condenser 3. an 
inlet port of the oompr-essor 2 through a refrigerant 
return circuit 5 and ain outlet pipe of the main condenser 
3 through a bypass circuit 6. The refrigerant return cir- 
cuit 5 is used for transporting a stagnated refrigerant in 
the cycle in a rest condition to the other cycle just start- 
ing its operation, as will be clarified heranafter. The 
refrigerant return circuit 5 and the bypass circuit 6 have 
check valves 45 and 42 respectively. The outlet pipe 
from the main condenser 3 has a check valve 41 at a 
position upstream of the portion to which the bypass cir- 
cuit 6 is connected. 

When, for achieving the heating cycle, the four-way 
valve 4 assumes a heating position as shown in the 
drawing, the compressed refrigerant from the compres- 
sor 2 is directed to the bypass circuit 6 bypassing the 
main condenser 3. While, when, for achieving the cool- 
ing cyde, the valve 4 assumes a coolir^ position, the 
compressed refrigerant from the compressor 2 is led to 
main condenser 3. 

As shown, the outlet pipe from the evaporator 14 
and the outlet pipe from the second sub-condenser 22 
are joined at a portion 71 and connected to the inlet port 
of the compressor 2 through a circuit segment P The 
circuit segment P is joined with the return circuit 5 at a 
portion 72 just upstream of the inlet port of the compres- 
sor 2. The respective outlet pipes from the evaporator 
1 4 and the second sub-condenser 22 are ec^ipped with 
check valves 43 and 44i 

As shown; the circuit segment P has both a sub- 
evaporator 8 and an accumulator 9 disposed therein. 

The sub-evaporator 8 is of a heat exchanger which 
is fed through a cooling water circuit '^m" with an engine 
cooling water as a heat source. That is. in the sub-evap- 
orator 8, heat exchange is carried out between ttie 
refrigerant and the" engine cooling'^ water. More specifi- 
calty, the refrigerant is heated bir at leiast wanned by the 
engine cooling water. The siibrevaporatof 8 is located in 
an open area such as the engine room or the tike. 

It is to be noted that usage of such sut>evaporator 
8 is aimed to effectively use a heat possessed by the 
engine cooling water. That is, even when the engine 
cooling water is not'warmed to such a level as to suffi- 
dently operate the heater core 12, the water can raise 
the enthyp^ of the riafrig^^ heat 
exchange between the coolinig water and the refriger- 
ant. Under this condition; the first and second sut>-con- 
densers 13 and 22 can exhibit healing performance 
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higher than that expected when such heat exchange is 
not carried out. 

The accumulator 9 on the circuit segment P is con- 
structed to have a relatively large capacity. Thus, even 
when the returning refrigerant led to the accumulator 9 s 
has a larger amount of liquid, vaporization of the liquid 
is smoothly achieved in the accumulator 9 thereby pro- 
tecting the compressor 2 from damage. 

As is rrientioned hereinabove, the sub-evaporator 8 
and the heater core 12 are fed with the engine cooling io 
water through respective: cooling water circuits '^m" and 
"n". EaQ circuit "m" or^n";Conrprises water inlet and out- 
let lines ml or n1 and m2 or n2. 

As is well seen from Figs. 1 and 2. the Inlet line n1 
of the heater core 1 2 Is equipped witb a first flow control is 
valve 31 . and the inlet line m2 of the sub-evaporator 8 is 
equipped with a second flow control valve 32. The first 
valve,31 is of a continuously varying type which coritin- 
uously varies the flow of engine cooling water flowing 
the heater core 12, while the second valve 32 Is of an 20 
ON/OFF type which selectively opens and closes the 
passage directed to the sub-evaporator 8. 

As will be described hereinafter, when the dual air 
conditioning system 100 is under the heating cyde. the 
second valve 32 takes ON position to feed the sub- 25 
evaporator 8 with engine cooling water. Under this ON 
condition of the secorxj valve 32. the flow of engine 
cooling water through the sub-evaporator 8 is continu- 
ously controlled by controlling the first valve 31 continu- 
ously. This phenomenon is depicted by the graph of Fig. 30 
3. That is, when, with the second valve 32 assuming the 
full open position (viz., ON condition), the open degree 
of the first valve 31 is gradually increased to increase 
the flow of engine cooling water through the heater core 
12. the flow of engine cooling water through the sub- 35 
evaporator 8 is gradually reduced. 

As will be described in detail hereinafter, under the 
heating cycle with the second valve 32 kept fully open 
(viz,, ON condition), the flow of engine, cooling water 
through the sub-evaporator 8 is continuously controlled 40 
by controlling the first valve 31 in accordance with an 
engine rotation speed or a temperature of the engine 
cooling water. 

At a position just downstream of the compressor 2, 
there are arranged a pressure detecting means **PDr 45 
and a teriperature detecting means n'D^ which detect 
the pressure "Pd" and temperature Td" possessed by 
the highly pressurized refrigerant just discharged from 
the compretssor 2. The pressure detecting means TD" 
is a pressure SM^tch ha^ng diaphragnri Installed therein so 
or a pressure sensQr havir^g^atransducef b^^ 
detected pressure Is convened a correspondlrig volt- 
age. The tenripe^ 

perature sensor a;; 1^ , by which the 

detectCKi: ti^mp^ to a corresponding ; , ss 

voHage. As will to hereinafter, when the pres- 

sure "Pdr arxi the terT^3# •Td" of the discharged 
refrigerant from tifie compressor 2 are raised, .various 



controls are carried out to reduce such raisings. 

The refrigerant return circuit 5 Is operated when, 
due to a very cold condition of the surrounding, the 
engine cooling water is very cold and thus can not be 
used as a heat source. That is, in such a case, a refrig- 
erant stagnated in the main condenser 3 is returned to 
the inlet of the compressor 2 through the return circuit 5. 
With this, the dual air conditioning system 100 can start 
the heating cycle with an increased arribunt of refriger- 
ant: 

In the following, operation of the dual air condition- 
ing system 100 of the invention will be describe: 

(1^ Initial Stage of Heating Cyde 

Just after starting of the engine 1 , particularly, In 
cold seasons, the temperature of engine cooling water 
is still very low. Thus, for such time, the engine cooling 
water can not be used as a heat source for the heater 
core 12. Furthermore, some of refrigerant is still kept 
stagnated In the main condenser 3 causing a lack of 
refrigerarrt fed to the compressor 2. 

For heating both the front and rear portions of a 
passenger room, the first valve 31 Is fully closed, the 
second valve 32 is fully opened (ON condition), the first 
and second electromagnetic valves 26 and 25. are 
opened and the four-way valve 4 assumes the heating 
position as shown in Fig. 1. The first air mix door 16a 
takes a position to fully open the passage passing 
through the first sub-condenser 13. While, the second 
air mix door 16b takes a position to fully close the pas- 
sage passing through the heater core 12. as shown. 

When now the compressor 2 is started to operate, 
the stagnated refrigerant In the main condenser 3 is fed 
back into the inlet side of the compressor 2 through the 
four-way valve 4 and the refrigerant return circuit 3. 

Thus, thereafter, pressurized: refrigerant W 
compressor 2 is forced to flow thrblighc the- four-way 
valve 4. the bypass circuit 6. the first sub-cbhdenser 13. 
the orifice of the electromagnetic valve 26 and the evap- 
orator 14 to the junction portion 71, and part of the 
refrigerant from the bypass circuit 6 is forced to flow 
through the second sub-condenser 22, the liquid tank 

24 and the orifice of the second electromagnetic valve 

25 to the junction portion 71. The refrigerant joined at 
the junction portion 71 is then forced to flow through the 
sub-evaporator 8 and thie accumulator 9 to the Infet of 
the compressor 2. 

During this flow, the refrigerant which has lost tiie 
heat energy at the first and second sub-condensers 13 
arxJ 22 gets heat at the sub-evaporator 8 for the above- 
mentioned reason. The refrigerant thus somewhat 
warmed is compressed by the compressor 2: Accord- 
ingly, with repetition of the heating cycle, the enthalpy of 
the refrigerant discharged from the cornpressbr 2 is 
gradually increased, and thus, heating performance of 
tiie first and second sub-condensers 13 and 22 is grad- 
ually increased. Accordingly, botii tiie first and second 
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units 10 and 20 of the air conditioning system 100 can 
feed the front and rear portions of the passenger room 
with a sufficiently warmed air instantly after the engine 
starting. 

More specifically in the first unit 10. air flowing in 5 
the air flow passage 1 1 Is dehumidified (cooled) by the 
evaporator 14 and then warmed by the first sub-con- 
denser 13 before being blown to the front portion of the 
passenger room. While, In the second unit 20. air flow- 
ing In the air flow passage 21 is warmed by the second io 
sub-condenser 22 before being blown to the rear por- 
tion of the passenger room. 

(2) Stable State of Heating Cyde 

15 

With increase of time, the temperature of the 
engine cooling water Is Increased. When the tempera- 
ture of engine cooling water is raised to a certain level, 
controlling of or by the first valve 31 starts. 

As has been mentioned hereinafore. when the tem- 20 
perature of the returning refrigerant just led to the com- 
pressor 2 is Increased, the heating effect of the first and 
second sub-condensers 13 and 22 is increased and 
thus temperature of air fed to the passenger room by the 
first and second units 1 0 and 20 Is increased. Of course, 25 
the heating ability of the sut>evaporator 8 against the 
refrigerant can be controlled by the flow of the engine 
cooling water led to the sub-evaporator 8. That Is. the 
heating ability Increases with increase of the flow of 
engine cooling water to the sub-evaporator 8. 30 

In the present invention, the flow of engine cooling 
water to the sub-evaporator 8 is adjusted by controlling 
the first valve 31 , as will be descrik>ed in detail herein- 
next. 

In order to protect the compressor 2 from overload- 35 
ing, ON/OFF control is practically applied to both the 
conrpressor 2 and the second flow control valve 32 In 
accordartce with the pressure "Pd" and temperature 
"Td" possessed by the pressurized refrigerant just dis- 
charged from the conrpressor 2. That Is. as is seen from 40 
Figs. 4A and 4B, when, urKler operation of the compres- 
sor 2, the pressure "Pd** is Increased to about 23 
Kg/cm^ or the tenperature "Td" is Increased to about 
1 20 ^'C, the compressor 2 becomes deenergized. While, 
under OFF condition of the compressor 2, the pressure 45 
"Pd** is decreased to about 20 Kg/cm^ or the tempera- 
ture 'Td" is decreased ta about 80^0. the compressor 2 
becomes energized. As is seen from Figs. 5A artd 56, 
wtien.'unGler<)pen condition of the second valve 32, the 
pressure "Pd" is increased to about 20 Kg/cnrr^ or the - so 
temperature^ "TTd" is increased to about lOO^G, the sec- 
ond valve 32 is closed. While, under closed condition of 
the second valve 32, the pressure/Pd" is decreased to 
at>out 1 7 Kg/cm^ or the temperature Td" is decreased 
to about 80 ""C. th second valve 32 is opened. When 55 
the second valve 32 is dosed, the feeding of engine 
cooling water to the sub-evaporator 8 Js stopped and 
thus heating to the returning refrigerant is stopped. With 



this, the pressure "Pd" and temperature *Td" of the 
refrigerant just discharged from the compressor 2 are 
reduced. 

It is to be noted that the ON/OFF operation of the 
second valve 32 is carried out within a range which is 
practically applied to the ON/OFF operation of the com- 
pressor 2. With this measure, the frequency of the 
ON/OFF switching of the compressor 2 is reduced. As Is 
known, if the ON/OFF switching of the compressor 2 is 
too frequent, operabillty of the engine is lowered: 

As has been mentioned hereinabove, the flow of 
engine cooling water to the sii^-evaporator S is control- 
led in accordance with an engine rotation sp^ed or a 
temperature of the engine cooling water. 

In the following, a case will be described, wherein 
the flow control of the engine cooling water is made in 
accordance with the engine rotation speed. 

Fig. 6 Is a iDlock diagram of a control system which 
uses the engine rotation speed as a factor for controlling 
the flow of engine cooling water directed to the sub- 
evaporator 8. 

The control system comprises a control unit 50 
which is a microcomputer having a memory 56. Infor- 
mation signals from a system switch 51. an air condi- 
tioner switch 52, the pressure detecting means (PD) 53. 
the temperature detecting means (TD) 54 and an 
engine rotation speed sensor 55 are all fed to the con- 
trol unit 50. Since the compressor 2 is driven by the 
engine 1 through a drive belt (see Rg. 1), the engine 
rotation speed sensor 55 can serve as means for sens- 
ing the rotation speed of the compressor 2. By process- 
ing these information signals, tfie control unit 50 
controls the compressor 2 (viz., magnet clutch of the 
compressor), the first flow control valve 31 and the sec- 
ond f tow control valve 32. 

The system switch 51 Is a switch for switching tiie 
air conditioning system 100 to the heating cycle practi- 
cally using the sub-evaporator 8. The air conditioning 
switch 52 Is a switch for switching the system 100 to a 
normal air conditioning system without aid of the sub- 
evaporator 8. The engine rotation speed sensor 55 may 
be a sensor for detecting a crank angle of the engine. 
When the system switch 51 is turned ON and the air 
conditioner switch 52 is turned OFF, the control unit 50 
starts the heating cycle of the system 100 and controls 
the conrpressor 2 and the first aind second flow control 
valves 31 and 32 in the following manner. 

The memory 56 of the control unit 50 memorizes a 
reference map shown by Rg. 7. The map depicts a rela- 
tionship between the engine rcitation speed arxj the 
open degree of theiirst flow control valve 31 ; which can 
Induce a desired flow of engine cooling water directed to 
the sub-evaporator 8. As is seen from the rnap, when 
the engine rotation speed is lower than 1200 rpm, the 
first flow control valve 31 is fully closed. Under this con- 
dition, the flow of engine cooling water directed to the 
heater core 12 is zero, while the flow of engine cooling 
water directed to the sub-evaporator 8 is maximum. 
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While, when the engine rotation speed exceeds 3000 
rpm, the valve 31 is fully opened. Under this condition, 
the flow of engine cooling water directed to the heater 
core 12 is maximum, while the flow of engine cooling 
water directed to the sub-evaporator 8 is minimum. 
When the engine rotation speed is within a range 
between 1200 rpm and 3000 rpm, the open degree of 
the first valve 31 is proportionally varied in accordance 
with the engine rotation speed, and thus the flow of 
engine cooling water directed to the sub-evaporator 8 is 
gradually reduced with increase of the engine rotation 
speed. This phenomenon is depicted by the graph of 
Fig.3. 

That is. when an associated motor vehicle is under 
idling or moving at a very slow speed: the flow of engine 
cooling water to the sub-evaporator 8 is kept maximum. 
Thus, under this condition, the pressure "Pd" and tem- 
perature "Td" of the refrigerant just discharged from the 
compressor 2 are controlled by ON/OFF operation of 
the second flow control valve 32. When. with increase of 
the engine rotation speed and thus increase of the 
workload of the compressor 2. the pressure "Pd" and 
temperature "Td" of the discharged refrigerant are 
raised, the open degree of the first valve 31 is gradually 
Increased in accordance with the engine rotation speed. 
That is, with increase of the engine rotation speed, the 
flow of engine cooling water directed to the sub-evapo- 
rator 8 Is reduced thereby reducing heat given to the 
refrigerant from the engine cooling water. 

Fig. 8 is a chart for explaining an advantage 
obtained from the air conditioning system 100 using the 
above-mentioned control system of Fig. 6. In the chart 
of Fig. 8, the axis abscissa shows elapsed time, while 
the axis of ordinate shows the pressure "Pd". As is seen 
from this chart, while the flow of engine cooling water 
directed to the sub-evaporator 8 is stili controlled by the 
second valve 32, the pressure "Pd" shows a marked 
fluctuation. While, once the control of the flow of engine 
cooling water directed to the sub-evaporator 8 is made 
by the first valve 31. such fluctuation becomes very 
small, which induces a stable flow of the refrigerant in 
the circuit of the system 100 in the heating cycle. Exper- 
iments have revealed that similar advantage is also 
obtained in case of the tennperature Td" possessed by 
the refrigerant just discharged by the conrpressor 2. 
That is. in this case, the fluctuation of the tenperature 
"Td** is controlled within a range between 80**C and 
lOO^'C. 

In the following, another case will be described, 
wherein the flow control of the engine cooling water to 
the sub-evaporator 8 Is madei in accordance with the 
temperature of the, engine opoling water. 

Fig. 9 is a bipdk diagram of a control system which 
uses the tenperature of engine cooling water as a factor 
for controiling th flow of engine cooling water directed 
to the sub-evaporator 8. 

The control system comprises a control unit 50a 
which is a microcomputer having a memory 56a. Infor- 



mation signals from a system switch 51 . an air condi- 
tioner switch 52, the pressure detecting means (PD) 53. 
the temperature detecting means (TD) 54 and a cooling 
water temperature sensor 57 are all fed to the control 
5 unit 50a. By processing these information signals, the 
control unit 50a controls the compressor 2, the first and 
second valves 31 and 32 and first and second actuators 
58a and 58b for the first and second air mix doors 16a 
and 16b. 

10 The temperature sensor 57 may be a sensor for 
sensing the temperature of the engine cooling water just 
discharged from the water jacket of the engine 1: When 
the system switch 51 is turned ON and the air condi- 
tioner switch 52 is turned OFF, the control unit 50a 

15 Starts the heating cycle of the system 1 00 and controls 
the compressor 2 and the first and second flow control 
valves 31 and 32 in the following manner. 

The memory 56a of the control unit 50a memorizes 
a reference map shown by Fig. 10. The map depicts a 

20 relationship between the temperature of engine cooling 
water and the open degree of the first flow control valve 
31. which can induce a desired flow of engine cooling 
water directed to the sub- evaporator 8. As is seen from 
the map. when the temperature of engine cooling water 

25 lower than 60**C. the first flow control valve 31 is: fully 
closed. Under this condition, the flow of engine cooling 
water directed to the heater core 12 is zero, while, the 
flow of engine cooling water directed to the sub-evapo- 
rator 8 is maximum. While, when the temperature of 

30 engine cooling water exceeds 70**C, the flow of engine 
cooling water directed to the heater core 12 is maxi- 
mum, while the flow of engine cooling water directed to 
the sub-evaporator 8 is minimum. When the tempera- 
ture of engine cooling water is within a range between 

35 eO'^C and 70°C. the open degree of the first valve 31 is 
proportionally varied in accordance vyith the tempera- 
ture of engine cooling water, and thus the f low of engine 
cooling water directed to the sub-evaporator 8 is gradu- 
ally reduced with increase of the tenrtperature of engine 

40 cooling water. This phenomenon is depicted by the 
graph of Fig. 3. 

That is. when an associated motor vehicle is under 
a condition, such as a condition just after engine start- 
ing, wherein the tennperature of engine cooling water is 

45 Still low, the flow of. engine cooling water to the sub- 
evaporator 8 is kept maximum. Thus, under this condi- 
tion, the pressure "Pd" and temperature Td" of the 
refrigerant just discharged from the Sompressor 2 are 
controlled by ON/OFF operation of the second flow con- 
so trol valve 32: When, with increase of the temperature of 
engine cooling water arvJ thus increase of heat 
exchanging at the sub-evaporator 8. the pressure "Pd** 
and terhperature "Td** of the discharged refrigerant are 
raised, the open degree of the first valve 31 is gradually 

55 increased in accordance with the temperature of engine 
cooling water. That Is. with increase of the temperature 
of engine cooling water, the flow of engine cooling water 
directed to the sub-evaporator 8 is reduced thereby 
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reducing heat given to the refrigerant from the engine 
cooling water. 

Fig, 10 is a chart , for explaining an advantage 
obtained from the air conditioning system 100 using the 
control system of Fig, 9; As is seen from this chart, once 
the control of the flow of engine cooling water directed 
to the sub-evaporator 8 is made by the first valve 31. 
fluctuation becomes very small, which induces a stable 
flow of the refrigerant in the circuit of the system 100 in 
the heating cyde.: Experiments have revealed:>that slrfii- 
lar advantage is ^so obtainedi in -casej of <the^ten^e^ 
ture TTd" posseted by: the refrigeram^just dischacged?^ 
by thecompressor 2. ThatiS; in this catse; the fluctuation v 
of the temperature "Td" is controlled within a range- 
between 80**C and 100**C. - 

Once the control of the first valve 31 starts upon 
increase of the temperature of engine cooling water to 
60*'C. the control unit 50a starts controlling the first arid 
secoTKi air mix doors 16a and 16b in the airflow pas- 
sage 1 1 (see Fig.. 1) of the first unit 10. That is. the sec- 
ond air mix door : 16b opens the passage passing 
through the heater core 12. cVVith which has 

been warmed by^^iHe first su^^^ is warmed 

by the heater core 12 before being blown to the front 
portion of the passenger room, as will be understood 
from the chart of Fig, 1 1 . 

(3) Cooling Cycle 
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This cycle can be applied to only the first unit 10 in 
the illustrated emtxxJiment For achieving this cycle, the 
secofKl electromagnetic valve 25: is closed, and the 
four-way valve 4 is turned to a cooling position to con^ 
nect the outlet port of the compressor 2 to the inlet port 
of the main condenser 3 l>locking the bypass circuit 6. 
Furthermore, the first and second valves 31 and 32 are 
fully closed and the first and second air mix doors 1 6a 
and 16b assume the positions as shownin Fig. > iv Upon 
operation of the conrpressor 2; pressurized :refrigerant 
from the compressor 2 is led into themain condenser 3. 
^^The refrigerant from the main condenser 3 is forced to 
^ri^ thrdugh the first sub-condenser 13. the evaporator 
14, the sub^evaporator 8 and the accumulator 9 chang- 
ing its phase and returned to the compressor 2. During 
this flow of refrigerant ' the firsts sub-KX»xjenser 13 
serv S vas a heater and the evaporator 14 seh^ 
cooler.' However, since the first air mix-door^ri 6a:is'^in the * ' - ^ 
position to fully .dose the passa^j^passfing' throu 
first sub<x)nder18er^1^ the air ax)led by the eiiraf^o^^ 
14 IS directly led .to the air mix chamber ^^^^^ 
into the from jpxjrtion of the^r*^^ 

Claims • . ;= V'"'^\^:v-^^v^^^i.{ivv- "^'t -^^'SS^'S'^*' ^^^''i vr^^rvir^T- v t;r\5^ 

1. Ari^igqrtrfelJ^ 
ered byiafrirH^^ 

i7^4ir8f%ieai^^f6ir: cai^^ 
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indudes a compressor driven by the engine, a 
main condenser, a first sub-condenser and an 
evaporator which are connected through pipes 
to form a first refrigerant circulation circuit 
through which a refrigerant flows from an outlet 
of said compressor to an inlet of the same while 
changing its phase, said first cycle causing said 
first sub-condenser as a heater and said evap- 
orator as a^ cooler when operated; 
second means for carrying but a SjsfcofKl c^^ 
■ which • includes said cbmpressbfrand ia\ 
Sub-<k)nden^r whidi 

pipes to form a second refrigerant circular 
circuit through which said refrigeriant flows from 
the outlet of the compressor to the inliet of the 
same while changing its phase, said second 
cyclei causing said second sub-condenser as a 
/ ^heater when operated; '^ ^ ^ 

Switch' mra for switching said first and sec- 
ond means; 
a heater core; 

third means for defining first and second inde- 
pendent air flow passages, said first passage 
havinig said heater core, said first sub-con- 
denser and said evaporator installed therein, 
said second passage having said second sub- 
condenser installed therein; 
a sub-evaporator arranged in the pipe extend- 
ing frorn an outlet of said second sub-con- 
denser to an inlet of said compressor; 
a first cooling water circuit through which 
engine! cooling water of said enginVis fed to 
said heater core to warm air passing through 
the heater core; 

a second cooling water circuit through which 
engine cooling water of said engine is fed to 
said sut>-evapbrator to carry put heiat exchange 
betvveen the engine codling water and the 
refrigerant flowing in said pipeVahd ■ 
fourth means for controlling this flow of engine 
cooling water directed to said sub-evaporator in 
accordance with a load of said engine when 
said s\«mch means selects said second means. 

Ah air^ndtttpriingisystem as claih Clairh 1. in 
saki:totirth^ I 



a sensor for sensing a rotation* speed of said 
• ' fangirifei^and - 
- ^^A^ciyj^cdriti-blling the f^ engine cooling 
^^^^ «&tet^^ Itf accordance 

with the eng^rfi^ TOtatidh s^ 

in Claim 1 ; in 
w^c^'said fourth mear^ comprises:^^ ^ 

^;^^i|Sii^:^f&^^ of the^ 
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engine cooling water; and 
a valve for controlling the flow of engine cooling 
water to said sub-evaporator in accordance 
with the water temperature sensed by said sen- 
sor. 

4. An air conditioning system as claimed in Claim 1 , in 
which said first and second cooling water circuits 
are connected to a common water jacket of said 
engine. 

5. An air conditioning system as claimed in Claim 4, in 
which said fourth means comprises: 

a first valve arranged in said first cooling water 
circuit; 

a second valve arranged in said second cooling 
water circuit: 

a sensor for sensing the load of the engine; and 
a control unit for continuously controlling said 
first valve in accordance with the engine load 
sensed by said sensor 

6. An air conditioning system as claimed in Claim 5, in 
which said sensor senses a rotation speed of the 
engine. 

7. An air conditioning system as claimed in Claim 5, in 
which said sensor senses the terriperature of the 
engine cooling water. 

8. An air conditioning system as claimed in Claim 5. in 
• which said first valve is of a type which continuously 

varies the flow of engine cooling water flowing in 
said first cooling water circuit, and in which said 
second valve is of a type which selectively opens 
and closes the passage of said second cooling 
water circuit. 

9. An air conditioning system as claimed in Claim 1 . in 
which said first and second means have a comnrion 
refrigerant ftow line which extends to said inlet of 
said compressor through said sub-evaporator. 

10. An air conditioning system as claimed in Claim 9. in 
which said common refrigerant flow line has an 
accumulator disposed therein at a position down- 
stream of said sub-evaporator. 

11. An air conditioning system as claimed in Claim 1 . in 
which said third means further comprises: 

a first air mix door pivotally arranged in front of 
said first sub-condenser to define two inde- 
pendent passages, one being a passage pass- 
ing through sard first sub-condenser and the 
other being a passage bypassing said first sub- 
condenser; arxi 



a second mix door pivotally arranged in front of 
said heater core to define two independent 
passages, one being a passage passing 
through said heater core and the other being a 
passage bypassing said heater core. 
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